We appreciate the interest in our work by Lu and Tang (1), but we respectfully disagree with their assessment that our spin-coated films (2) are not epitaxial. The orientation distribution function that they calculated from our pole figure data tends to underestimate the volume fraction, α, of epitaxial grains for island growth and for very thin films.
We appreciate the interest in our work by Lu and Tang (1), but we respectfully disagree with their assessment that our spin-coated films (2) are not epitaxial. The orientation distribution function that they calculated from our pole figure data tends to underestimate the volume fraction, α, of epitaxial grains for island growth and for very thin films.
Lu and Tang estimated α by taking the ratio of the integrated intensities of the peaks in the pole figure to the integrated intensity of the whole pole figure, including all the peaks and the background. They assume that the background intensity in the pole figure originates from nonepitaxial grains with random orientation in the films. This type of analysis has merit when studying preferred orientation in bulk samples, but can underestimate α for very thin films or for island-like deposits. The incoming x-rays penetrate up to a few micrometers into the sample. Thus, for the island-like deposits and thin films shown in our study, the substrate is probed in addition to the deposited material. If the peak intensity is relatively low because of low coverage or because of the structure factor of the plane [e.g., the (422) plane of NaCl, which has an I/Imax of only 7% in the x-ray powder pattern] being probed in the pole figure, the background intensity can be a substantial fraction of the intensity of the peaks from the deposit. This situation is especially likely when the substrate is a high-atomic number material, such as Au or Ag, that exhibits a large background caused by incoherent scattering.
The background intensity in our study did not arise because of the presence of non-epitaxial grains with random orientation in the films, as stated by Lu and Tang. If these grains were randomly oriented out-of-plane, the 2θ x-ray diffraction (XRD) pattern would show peaks in roughly the intensity ratio that is observed in an XRD powder pattern. If the grains had a fiber texture, with a preferred out-of-plane orientation but a random in-plane orientation, the pole figure would show a ring at a tilt angle corresponding to the angle between the plane being probed in the pole figure and the geometric plane of the diffractometer.
The 2θ XRD patterns did not show additional peaks besides the family of peaks corresponding to the stated out-ofplane orientation. Note that we plotted the intensity on a logarithmic scale, so even minor reflections will be observed. The unmarked peaks in the 2θ XRD pattern in our figure S3 are due to the symmetry-forbidden reflections [(003), (005), (007), (009), etc.] of single-crystal mica. Also, the pole figures do not exhibit a ring pattern, showing that the deposits do not have a fiber texture. Using the Lu and Tang analysis to study a series of epitaxial deposits ranging from islands to thick films, the method would show an increasing apparent degree of order as the volume of material increased, even for deposits with an identical degree of outof-plane and in-plane order. Thus, this analysis is not reliable for islands and very thin films.
Lu and Tang state that the substrate pole figures are clean, but the pole figures of spin-coated materials have substantial background due to randomly oriented grains. This claim is largely a matter of scaling in the plots. The substrates have very intense peaks because of the crystallographic perfection of the substrates and the large volume of sample that is sampled by the x-ray beam. The background intensities for the substrates are comparable in size to those of the films, but they are not seen in the pole figures of the substrates because of the contour spacing. For example, the background intensities are 45, 30, 20, 8, and 50 counts per second for the SrTiO3, Au(111), Au(100), Si(111), and mica(001) substrates, respectively. By simply decreasing the number of contours in the plots for the spin-coated films, the background can be eliminated, and the pole figures look as clean as the substrate pole figures. Using these rescaled data (3), the analysis by Lu and Tang would show that the spin-coated materials have a value of α approaching 100%.
Lu and Tang also state that our scanning electron micrographs and optical micrographs do not determine the crystallographic orientation of the deposits, and that we should have used transmission electron microscopy (TEM) analysis. We agree that the micrographs cannot determine the crystallographic orientation of the deposits, but they show in-plane order on a global scale. By contrast, TEM analysis can determine the orientation of the film relative to the substrate on a nanometer scale, but it is not necessarily representative of the entire sample. We do agree that TEM would be a useful addition to our work, but it would not prove that the entire sample is epitaxial.
